1. Case report {#sec0001}
==============

A 53-year-old female was diagnosed with mantle cell lymphoma (Stage IIIB). Autoreactive antibodies, including thyroid receptor-stimulating, thyroid-stimulating hormone (TSH) receptor-blocking, TSH receptor-stimulating, thyroid peroxidase, and antinuclear antibodies, were not detected prior to therapy ([Table 1](#tbl0001){ref-type="table"}). The patient received rituximab, hyperfractionated cyclophosphamide, vincristine, doxorubicin, and dexamethasone alternating with methotrexate and cytarabine (R-HCVAD/MA) chemotherapy. After 3 courses of chemotherapy, she was mobilized with G-CSF at 10 μg/kg and harvested when her WBC count was 10.0 × 10^9^/L. She was conditioned with ranimustine, etoposide, cytarabine, and melphalan, followed by the infusion of CD34 at a total dose of 1.3 × 10^6^/kg. Regimen-related toxicities, including grade 3 neutropenia, were tolerated well. Granulocytes exceeded 500/μl on day 11, and the last platelet transfusion was on day 12. The complete remission of lymphoma was confirmed in fluoro-deoxy-glucose-positron emission tomography/computed tomography scans. On day 120, thrombocytopenia had progressed and she presented with goiter. She did not have ocular symptoms, compressive symptoms, or other symptoms of hyperthyroidism. As shown in [Table 1](#tbl0001){ref-type="table"}, thyroid function tests revealed normal FT3 (3.27 pg/mL), FT4 (1.08 ng/dL), and thyroglobulin (36 ng/mL) levels and a suppressed TSH level (0.13 μIU/mL). Elevations in the anti-thyroid peroxidase antibody (28.2 IU/mL) and anti-TSH receptor antibody (4.2 IU/mL) were detected. Ultrasonography revealed a slightly enlarged thyroid gland. The human leukocyte antigen (HLA) phenotype was A2, A26, B51, B61, DR12, and DR9. The immunophenotyping of peripheral blood mononuclear cells showed a reversed CD4:CD8 ratio. Serum immunoglobulin, IgG, IgA, and IgM levels were all reduced. Cytomegalovirus (CMV) serology showed positivity for the IgG antibody at 4.5 (negative, \<2.0; borderline, 2.0--3.9; and positive, ≥4.0 index) and negativity for the IgM antibody (\<0.8, negative, \<0.8; borderline, 0.8--1.2; and positive, ≥1.2 index) using an enzyme immunoassay (EIA) (SRL, Tokyo, Japan). Thyroid function, the CD4/CD8 ratio, serum immunoglobulin levels, and CMV serology were followed up every 3 months, and her clinical course was uneventful until 3 years. At that time, the patient presented with fatigue and laboratory data showed the progression of thrombocytopenia ([Table 1](#tbl0001){ref-type="table"}). Thyroid function tests revealed elevated FT3 (11.18 pg/mL), FT4 (4.65 ng/dL), and thyroglobulin (70 ng/mL) levels and a suppressed TSH level (\<0.01 μIU/mL). Ultrasonography showed an enlarged thyroid gland. The CD4 + /CD8 + T cell ratio was inverted to 0.47. Serum immunoglobulin, IgG, IgA, and IgM levels were all reduced. CMV serology showed positivity for the IgG antibody at 6.1 and a high level of the IgM antibody (3.21). Real-time PCR assays for the detection of CMV-deoxyribonucleic acid (DNA) in serum (SRL, Tokyo, Japan) (positive, ≥2.0 × 10^1^ copies/mL) showed 5.4 × 10^1^ copies/mL. CMV reactivation as a consequence of this immunocompromised state may have contributed to the development of clinical hyperthyroidism. She was administered 20 mg of methimazole per day and ganciclovir. After one month, the patient\'s condition improved and CMV-DNA was no longer detectable. She has remained stable with the administration of methimazole (10 mg/day).Table 1Thyroid function and thyroid antibodies before and after SCT.Table 1BeforeDay 120Day 360Day 720Day 900Day 1102Day 1140Day 1300WBC (×10^9^/L)4.11.62.72.11.91.92.73.2RBC (×10^10^/L)459324330340358339348386Hb (g/dl)12.510.811.511.812.411.411.812.8Plt (×10^9^/L)30.43.96.27.57.94.96.412.6Free T3 (pg/mL) (normal range: 2.39--3.86 pg/mL)3.123.273.123.363.4511.185.693.77Free T4 (ng/mL) (normal range: 0.87--1.72 ng/dL)1.681.081.221.571.74.652.761.69TSH (μU/mL) (normal range: 0.43--4.82 μIU/mL)3.020.130.040.040.01\<0.01\<0.010.36Thyroglobulin (ng/mL) (normal range: 2.0--37.7 ng/mL)2336404450705238Anti-thyroid peroxidase antibody (IU/mL) (normal range: \< 9.4 IU/mL)--28.230315360.95432.3anti-TSH receptor antibody (IU/mL) (normal range: \< 2.0 IU/mL)--4.24.45.17.313.311.73.2Serum immunoglobulin (Ig)IgG (mg/dL) (normal range; 870--1700 mg/dL)1120450553662540558621920IgA (mg/dL) (normal range; 110--410 mg/dL)34070607071636690IgM (mg/dL) (normal range; 35--220 mg/dL)6028303156333541CD4/CD8 ratioND0.260.320.470.440.470.510.83CMV-IgG antibody (index)4.74.555.35.46.18.810.2CMV-IgM antibody (index)negativenegativenegativenegativenegative3.213.242CMV-DNA (copies/mL)NDNDNDNDND5.4 × 10^1^\<2 × 10^1^\<2 × 10^1^[^1]

Thyroid dysfunction is an important issue in patients receiving autologous (auto) and allogenic (allo) HSCT, and several types of thyroid disorders have been reported, including hypothyroidism, euthyroid sick syndrome, and hyperthyroidism [@bib0001]. Most cases of thyroid disorders are euthyroid sick syndrome and hypothyroidism. A previous study reported that the prevalence of subclinical hyperthyroidism within 3 months of auto-HSCT was 16% and all cases of subclinical hyperthyroidism had disappeared within 6 months [@bib0002]. However, clinical hyperthyroidism is a rare complication after transplantation, with few case reports being published in the literature [@bib0002], [@bib0003], [@bib0004].

Post-transplant thyroid ultrasonography showed a non-homogenous hypoechoic pattern in 30% of patients with subclinical hyperthyroidism that was sometimes associated with a mild increase in auto-antibodies, suggesting chronic autoimmune thyroiditis. In HSCT patients, discrepancies between functional and ultrasound results and the appearance or absence of thyroid auto-antibodies may be related to the immunological conditions of patients or immunological effects of immunosuppressive therapies. Transient hyperthyroidism was generally non-symptomatic, particularly in auto-HSCT patients, and did not require any treatment. Feng et al. reported two hyperthyroid cases that developed more than 2 years after auto-HSCT [@bib0003]. In their cases, a pre-transplant assessment showed normal thyroid function; however, details on thyroid function after HSCT to the onset of hyperthyroidism were not shown. Transplanted patients with transient hyperthyroidism and those with no evidence of thyroiditis need to be monitored every 3 to 4 months after transplantation until their endocrine parameters normalize.

The exact mechanisms underlying thyrotoxicosis secondary to HSCT remain unclear. In the present case, familial Graves' disease and drug-induced hyperthyroidism were excluded. Several mechanisms, such as the toxic effects of irradiation or intense chemotherapy and donor-derived autoimmunity, have been proposed for the generation of auto-reactive antibodies after HSCT [@bib0001]. Au et al. demonstrated that post-HSCT thyrotoxicosis was strongly associated with the HLA B46 and DR9 antigens [@bib0005], and DR9 may have been one of the causes of the onset of hyperthyroidism in our patient.

Tauchmanova et al. showed that an imbalance in the lymphocyte CD4/CD8 ratio was associated with increased circulating levels of the Th1 cytokines interferon-γ and tumor necrosis factor-α after transplantation, and suggested that these changes contributed to immune system deregulation and the development of early post-HSCT euthyroid sick syndrome [@bib0006]. Although autoimmune diseases have been reported in patients after HSCT, the mechanisms responsible for this relationship have not yet been elucidated. Chemoradiotherapy and bone marrow/peripheral blood reinfusion may lead to a dysfunction in the immune system, and this may be related to impaired suppressor T-cell function in the post-transplant period. Suppressor T cells are important regulators of immune responses to self-antigens, and defective suppressor T-cell function may allow the emergence of auto-reactive lymphocytes with consequent auto-antibody production. Immune deregulation may also be caused by compromised thymic function as a result of irradiation and chemotherapy. It has been shown in experimental models that various organ-specific autoimmune diseases may develop by depleting T-cell subsets, including CD4 and CD8 cells [@bib0007]. Impaired B-cell regulation as a result of quantitative or qualitative T-cell abnormalities may also lead to auto-antibody formation. Winiarski et al. reported four cases of Evans syndrome among 28 children undergoing bone marrow transplantation who received immunochemotherapy [@bib0008]. The high incidence of Evans syndrome in their study may have been related to vigorous T-cell suppression, leading to B-cell deregulation and autoimmune diseases. Michinton et al. suggested that viral infections that occur during the post-transplant period play a role by damaging or combining with self-antigens and forming "altered self" antigens [@bib0009]. A previous study reported that CMV infection may cause autoimmune phenomena after transplantation [@bib0010]. However, CMV alone *per se* is not sufficient, and other contributory factors towards autoimmune phenomena are required. The present case of hyperthyroidism with auto-antibodies showed evidence of a T-cell imbalance, such as a reversed CD4:CD8 ratio in peripheral blood for a long time after HSCT, and an immune system imbalance may have contributed to thyroid dysfunction. Moreover, the reactivation of CMV may have been associated with the development of clinical hyperthyroidism.

In conclusion, the long-term monitoring of thyroid function, T-cell populations, and CMV after HSCT is important. Further studies are needed to confirm immune system imbalances, CMV, and thyroid function in HSCT patients.
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[^1]: WBC, white blood cells; RBC, red blood cells; Hb, hemoglobin; Plt, platelets; ND, not done; TSH, thyroid-stimulating hormone.
